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FOREWORD 


This  report  and  handling  manual  waa  prepared  by  the 
Solid  Propulaion  Seotion  of  the  Rocketdyne  Reaeareh 
Department  and  the  Induatrial  Hygiene  Unit  in  par¬ 
tial  fulfillment  of  Contract  AF04(6ll)-8179,  Space 
Syateaa  Division,  Edwards  Air  Force  Base,  Air  Force 
Systems  Command,  United  States  Air  Force.  A  com¬ 
panion  technical  rsport  issued  simultaneously  as 
Yolume  1  errors  experimental  results  obtained  with 
beryllium  propellants. 


Personnel  contributing  to  this  report  vers: 
K.  ft.  Segier,  ft.  B.  Gordon,  D.B.V.  Golding, 
J.  ft.  Glantz,  H.  Weiss,  C.  N.  Bernstein,  and 
1j.  C.  Stuckenbruck. 


ABSTRACT 


This  report  outlines  the  purpose,  objectives,  and 
results  of  the  indu»«.iisi  hygiene  p.ogrum  conducted 
in  support  of  Contrset  AF04 (611) -8179.  A  detailed 
description  of  the  facilities  and  aethods  utilised 
for  the  control  of  beryllium  during  the  production 
and  static  teat  firing  of  beryl liua-eontsining  pro¬ 
pellants  is  presented.  Environmental  sampling  data 
aa  well  as  the  data  collected  from  a  downwind  sam¬ 
pling  network  are  included.  The  data  demonstrate 
the  feasibility  of  producing  and  static  test  fir¬ 
ing  beryl 1 ium-conta ining  propellants. 
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INTRODUCTION 


Two  tasks  art  specified  in  Contract  AF04(6ll )-8170  for  the  development 
of  high-energy  solid  prouellant  formulationa  containing  beryllium.  Task  I 
waa  delineated  aa  industrial  hygiene  to  cover  all  phases  of  the  develop¬ 
ment  program.  Included  in  Task  I  ia  the  preparation  of  a  toxic  materi¬ 
als  handling  manual  to  provide  information  on  the  handling  and  uae  of 
beryllium  in  various  propellants.  Task  II  involves  the  technical  task 
of  propellant  development  and  ia  discussed  in  Volume  2  of  thia  report. 

For  ready  reference  and  orientation  purposes,  Task  I  of  the  experimental 
program  ia  reproduced  in  detail  below. 

Earlier  work  in  the  industrial  hygiene  area  ia  included  in  the  previously 
issued  quarterly  reports  for  thia  program  (Ref.  1  through  3). 


TASK  I:  INDUSTRIAL  HYGIENE  PROGRAM 

1.  Determination  of  the  beryllium  concentration  in  the 
atmosphere  in  the  neighborhood  of  the  plant  shall  be 
made  for  both  long  term  and  peak  load  cycles.  Soil 
samples  shall  be  taken  at  periodic  intervals  in  tbe 
neighborhood  of  tbe  plant  and  subjected  to  analysis 
to  determine  the  beryllium  concentration.  Working 
conditions  and  plant  effluent3  will  be  monitored  on 
u  routine  basis. 

-.  Program  plana  in  the  over-all  area  of  industrial 

hygiene  and  testing  procedures  shall  be  coordinate 
t  h  the  Surgeon,  Deputy  Commander  Aerosjiare  System, 
USC,  CSAF,  Attention:  Captain  Owen  Kittilstad, 

Air  Force  Rocket  Propulsion  laboratory  Iltl’KK)) 
(Development)  (bt'D-l),  through  the  Procuring 
Contracting  Officer  prior  >o  initiiti<n  of  effort. 


t 


1.0 


nK.HYIX.nJM  ln». -I'KLIANT  FACILITIES 


1.1  Introduction 

Several  yours  ago,  Dncketdyne  initiated  a  study  of  the  uaa  of 
beryllium  in  solid  props ^ louts .  It  was  decided  to  build  research 
facilities  which  would  allow  for  easy  expansion  to  handle  devel¬ 
opment-size  motors.  Two  approaches  were  selected:  (l)  to  have 
laboratory-scale  (up  r.o  1  pound  of  propellant)  formulation  and 
test  capability  at  the  Propulsion  Fisld  laboratory,  Santa  Susan*, 
utilizing  containment  chambers  whenever  possible,  and  (2)  to 
have  unconfined  larger-scale  mixing  and  firing  in  a  remote  por¬ 
tion  of  the  Nevada  Test  Facility. 

1.2  Propulsion  Field  laboratory,  Sente  Susan* 

1.2.1  The  beryllium  facility  at  the  Propulsion  Finld  laboratory  con¬ 
sists  of  a  formulation  building  and  a  unique  containment  system 
for  both  mixing  and  firing.  The  laboratory  (shown  in  Fig.  I 
and  2)  is  utilized  only  for  handling  beryllium-containing  pro¬ 
pellants  and  ingredierl  ,  and  is  used  for  slurrying  beryllium 
metal  powder  into  binder,  propellant  casting,  motor  preparation, 
and  preparing  physical  test  specimens.  Equipment  for  conduct¬ 
ing  special  tests  such  as  burning  rate,  compatibility,  and  hcot 
of  combustion  also  are  located  in  this  laboratory.  All  work 
with  beryllium  powder  is  done  in  a  dry  box  and  a  hood  so  that 
the  powder  is  kept  within  the  confined  areas.  Doth  the  dry  box 
and  the  hood  are  attached  to  a  suction  blower  which  pulls  the 
air  through  two  high-efficiency  filters.  The  output  of  the 
blower  has  been  monitored,  and  the  results  have  indicated  that 
the  filters  are  greater  than  99$  efficient. 

1.2.2  fill*  propellant  mu  ing  and  firing  system  is  located  near  the 
beryllium  laboratory.  Doth  the  mixer  (Daker-I’erkin*  vertical; 
i-pint  capacity)  and  the  firing  stand  ( 2-i m-h-d  laoieter  ballistic 
motor)  tie  completely  enclosed  during  operation.  Hie  exhaust 

1  r>.  i  •t,e  -lot.  or  firing  »"nu  'hruyh  two  <  bombers;  •  he  f  i  r  ■>  t  is 
i  -ur/e  link,  md  the  ,  .,,t  ,.p  *;.riy  .  h  r-bor. 

‘  '•  •  '  1 1  v .  •;  i  f ...  a  t mo  *  idle  re  f  r  ,  .  j h  a  !i  t  ./ '■  ••  1  f  i  •  .  in  ■/  !  .  !  t  r 


figure  1.  Toxic  Propellant  Laboratory 


Figur*  2.  Interior  of  Boiyllivi  laboratory 


system.  The  inixoi  containment  chamber  Also  vents  through  the 
some  two  surge  tanks  which  urn  so  sized  that  in  case  of  a  mixer 
fire,  oil  the  gases  would  be  scrubbed  and  filtered  before 
release  to  tho  atmosphere.  All  of  the  water  from  the  spray 
chamber,  as  well  us  all  wash  water  from  the  area,  is  returned 
to  a  large  catch  tank  where  it  can  be  decontaminated  prior  to 
disposal.  The  mix  cycle  and  the  motor  firing  sequence  are  oper¬ 
ated  from  the  nearby  sealed  blockhouse  control  room.  The 
facility  is  shown  in  Fig.  ?,  and  the  details  of  its  construction 
are  shown  in  Fig.  4. 

1.2.?  All  operations  in  the  beryllium  facility  are  conducted  under 
strict  industrial  hygiene  control.  The  operators  wear  a  com¬ 
plete  set  of  protective  clothing  and  have  respirators  available 
for  instant  use  should  emergencies  arise.  '  v 

Each  operator  showers  before  leaving  the  area  and  prior  to 
dressing  in  his  street  clothes.  Continuous  air  samples  are 
taken  during  all  operations  in  the  area. 

1.?  Nevada  Test  Facility 

l.?.l  The  existing  solid  propellant  research  facility  in  Nevada  was 
designed  to  conduct  propellant  processing  and  testing  on  a 
pilot-plant  scale  that  would  be  too  hazardous  or  involve  quan¬ 
tities  of  hazardous  materials  too  lurge  to  be  handled  at  the 
Propulsion  Field  Laboratory.  Where  it  is  necessary  to  handle 
more  than  !-muind  grains  of  beryllium  propellants,  the  program 
is  conducted  .it  the  Nevada  facility, 

l.T.'J  flie  Nevada  facility  is  shovn  in  Fig.  1 ,  and  a  photograph  of  the 
area  is  shown  m  Fig.  6.  file  buildings  were  designed  as  the 
first  stage  in  the  development  of  an  advanced  high-energy  solid 
prnpe  1  hint  facility.  file  buildings  which  have  been  completed 
•  ire  shown  in  -olid  lines  in  lig.  .  1  In*  buildings  -liown  in 

are  s,  In  doled  for  con  * l rue t i on  in  the  near  future. 


brol-.i-n  I  l  lies 


EXHAUST  PAN 


i  i  :'ur«*  .  1'ixic  1 1  .nit  Mixing  and 

r  J  uri'i^  J'.icilitv 


Figure  3.  Remote  Solid  Propellant  Facility— Reno,  Nevada 


Figure  6 .  Reno  Solid  Propellant  Research  Facility 


1.1.1 


Tha  existing  facility  is  designed  around  s  reinforced  concrete 
blockhouse  which  has  been  designed  to  serve  as  the  control  cen¬ 
ter  for  the  static  test  stands.  The  building  is  provided  with 
an  oscillograph  and  strip-chart  recorders  and  television  moni¬ 
tors  .  Control  cablss  connect  the  control  center  to  the  static 
teat  cells  to  facilitate  renote  test  firings. 

1.3.4  The  interior  of  the  nixing  and  casting  building  facility  (Fig.  7) 
can  be  controlled  fron  within  the  building  behind  a  concrete 
barricade.  The  nixing  facility  conaiata  of  a  two-roon  building 
separated  by  an  18-incb  reinforced  concrete  wall.  One  of  the 
roona  is  ths  nix  call  which  now  contains  a  1-gallon  vertical 
Baker-Perkins  nixer  and  a  dry  box  for  the  transfer  and  weighing 
of  berylliun  powder.  The  walls  of  the  bay  are  of  light  con¬ 
struction  designed  to  cone  apart  in  case  of  an^explosion.  The 
othsr  room  contains  the  nixer  controls  and  facilities  for  pre¬ 
paring  and  weighing  propellant  ingredients. 

1.3.3  A  curing  building,  three  storage  nagasines,  and  a  storage  build¬ 
ing  conplete  the  existing  solid  propellant  facilities.  A  utility 
building  contains  a  well,  punping  equipment,  and  standby  elec¬ 
trical  generators.  The  facility  has  been  laid  out  on  a  quantity- 
distance  basis  of  400  feet  between  each  building.  This  distance 
provides  for  a  much  greater  propellant  safety  capability  than 
can  be  achieved  in  the  present  buildings  at  the  Propulsion  Field 
laboratory. 

1.3.6  The  remote  location  and  design  of  this  facility  permits  the 
testing  of  beryllium  propellants  without  the  use  of  containment 
(•inks  and  scrubbers.  During  static  testing  of  beryll ium-«.n- 

(. lining  motors,  the  operating  personnel  will  be  in  the  control 
'enter,  which  can  he  sealed  until  the  surround i ng  atmospheric 
area  is  dear. 

1.3.7  the  test  building  contains  two  static  lest,  cells  and  a  motor 

preparation  area.  lost*  can  he  conduct.  ■!  either  i V  m  behind 

t  lie  i  one  i  e  I  e  wall  of  the  test  cel)  ,  \  c  I  or  *  i  /  « *<l  ou  s  t  e  « 1  *  , 

I  i'"ii  *  l.i*  ■  on  l  rol  <  ■  ill  er  .  \  thru  •  i  >  *  uel  i  «  i  n  •  i.i  1  l-d  in  one 

'•it  ). :  I.  lor  (lie  I*  oi  ■  ke(  d  >  He  ti-  mid  I  i  -  jm  md  I.  »  111  •  *  I  •  "lo*  o  I  « 

ID 
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figure  7 •  Casting  and  Mixing  Facility 


and  mi  designed  to  handle  motors  containing  up  to  'SO  pounda  of 
propallant.  The  thruat  stand  ia  shown  in  Fig.  8.  A  simulated 
nltituda  vacuum  chamber  and  diffuser  system  has  been  installed 
in  the  other  teat  bay.  A  aeries  of  13-pound  motors  containing 
a  beryllium  propellant  has  been  fired  at  this  facility  under 
the  current  contract.  These  testa  are  conducted  under  close 
supervision  of  the  Air  Force  and  Rocketdyne  Industrial  Hygiene 
A  Safety  personnel,  and  the  spread  of  beryllium  contamination 
is  being  studied  by  means  of  various  sampling  techniques.  Inter 
sections  of  this  report  will  cover  the  results  of  the  sampling 
program. 


r 


figure  8.  Thrust  Stand  in  Static  &ut  Facility 


2.0 


PHYSIOCHEMICAL  PROPERTIES 


2.1  The  Phyaiochemical  properties  of  berylliua  and  beryllium  oxide 
are  given  in  Table  l. 

TABLE  1 

PROPERTIES  OF  BERYLLIUM  AND  BERYLLIUM  OXIDE 


Pronarty 

Be 

BeO 

Molecular  Weight 

9.013 

25.0 

Boiling  Point,  C 

2970 

3900  (approx) 

Malting  Point,  C 

1278 

2330  ±30 

Density,  g/cc 

1.83 

3.023 

Heat  of  Cosriiuation,  keal/g 

17.2 

2.2  Beryllium  and  beryllium  oxide  may  be  considered  to  be  insoluble 
in  voter.  Deposition  of  either  compound  in  natural  or  potable 
water  supplies  would  lead  only  to  minute  quantities  of  tbe 
material  reemining  in  solution,  although  concentrated  suspensions 
may  occur.  Other  beryllium  compounds  may  be  highly  soluble  in 
water,  resulting  in  excessive  concentrations  in  tbe  water.  How¬ 
ever,  such  soluble  compounds  are  generated  by  the  compositions 
currently  being  studied  in  only  minor  quantities. 

2.3  Finely  divided  particles  of  metallic  powders  may  spontaneously 
ignite  and  burn  if  dispersed  in  air,  producing  beryllium  oxide 
fumes.  However,  pyrophoric  powders  of  beryllium  are  believed 
to  be  less  than  0.1  micron  in  size.  Current  studies  at  Rocket- 
dyne  are  being  conducted  to  determine  the  pyrophoricity  of  such 
powders,  b'ltrafine  particles  must  be  handled  only  in  inert 
atmospheres  to  prevent  dispersal  and  ignition.  Particles  dis¬ 
persed  in  mr  tend  to  settle  at  a  velocity  which  is  a  function 
of  the  diameter  ai«l  density  of  the  particle.  Thus,  heavily  con¬ 
taminated  atmospheres  of  airborne  particulates  including  beryllium 
< •«  ut. militant  s  tend  to  be  "se  1  f -pur i f y i ng  '  after  varving  periods 

time  depending  upon  the  env  i  roiiment.a  1  <  Olid  i  t  I  oils  . 


Uerylliua  aetol  ha*  a  higiirr  heat  of  combustion  par  unit  of 
weight  than  any  other  element  except  hydrogen.  The  17.2  keel 
produced  per  graa  of  materml  is  considerably  greater  than  the 
heat  of  coabuation  for  boron  and  lithiua.  The  implications  of 
thia  high  heat  production  per  unit  of  weight  in  the  propulsion 
industry  is  self-explanatory. 

Standard  grade  berylliua  powders  are  commercially  available  with 
a  coaposition  of  97.4  to  99.0)6  berylliua.  A  major  portion  of 
the  iapurities  is  beryllium  oxide  although  trace  amounts  of 
carbon,  iron,  aluminum,  silicon,  and  magnesium  may  be  present. 
The  raw  powder  may  be  purchased  in  various  particle  size  distri¬ 
butions. 
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hazardous  properties  summary 


3.0 

1  Physiological  Effects 

1.1.1  beryllium  and  certain  of  its  compounds  are  highly  toxic  when 
inhaled  into  the  respiratory  system.  Continued  inhalation  of 
relatively  tainor  quantities  of  these  compounds  may  result  in 
acute  or  chronic  reapiratory  damage.  The  more  severe  form  of 
the  disease  (berylliosis)  may  develop  many  years  after  the  exces¬ 
sive  exposure  has  taken  place.  Clinical  detection  of  the  disease 
during  the  early  phases  is  difficult.  The  primary  method  of  con¬ 
trol  depends  upon  limiting  the  reapiratory  intake  of  the  various 
compounds. 

3.1.2  Soluble  beryllium  compounds  may  cause  dermal  effects  when  in  con¬ 
tact  with  the  skin  of  operational  personnel.  Impregnation  of  the 
material  under  the  skin  may  result  in  the  formation  of  skin; 
lesions.  The  dermal  effects  of  contact  with  beryllium  are  readil] 
controlled  by  high  standards  of  personal  hygiene.  Also,  spprop- 
riste  medical  care  must  be  available  for  corrective  treatment. 

3.1.3  Limited  evidence  exists  which  indicates  that  beryllium  has  low 
toxicity  when  taken  into  the  gastrointestinal  tract.  The  effects 
of  ingesting  food  or  water  containing  beryllium  appear  to  be 
minimal . 

3.1.4  Considerable  literature  is  available  regurding  the  physiological 
effects  of  beryllium  on  the  body.  More  detailed  information  can 
be  found  in  the  documents  listed  in  Appendix  A. 

3.2  Control  Standards 

Similar  to  many  toxic  materials,  certain  minimal  quantities  of 
beryllium  may  be  deposited  in  the  respiratory  system  without 
producing  any  adverse  physiological  effects.  In  general,  the 
pu  Imoiiiirv  tract  con  tolerate  this  minimal  quantity  without  pro¬ 
ducing  undos  i  rah  I  e  effects.  Mused  upon  this  concept,  threshold 
limit  values  for  many  industrial  materials  no- hiding  beryl  I  i  um 
II  I  V  e  lloeli  d i*  \  ••  I  opio|  . 

I*. 
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V2.2  lfce  ainiuuai  uedical  and  Industrial  hygiene  standards  for  the 

propallant  industry  of  tha  Air  Korea  Roekat  Propulsion  Laboratory 
(UPFOO),  Air  Fores  Syateaa  Cosxaand,  USAF,  Edvards,  California, 
ara  (iron  balov: 

HEALTH  AND  SAFETY  APPENDIX 

A.  In-Plant  Baconaandationo 

1.  Tha  ara rags  in-plant  atnospharie  barylliua  eoneantration 

should  not  exceed  2  nierograas  par  eubie  as  tar.  If  tha 
result  of  tho  daily  vaightod  ara rags  eoneantration,  eoa- 
putod  on  a  quarterly  basis,  for  any  ooeupation  exceeds  tha 
2  but  is  laas  than  5  Jig/a^,  tha  contractor  will  sub- 

ait  plans  for  naeosaary  corrections  for  Air  Pores  approral 
and  prorlda  all  personnel  exposed  in  thia  area  vith  approved 
personal  respiratory  protective  equipment.  If  tha  daily 

a re rags  eoneantration  exceeds  5  JJ|/n^,  tha  operation  in 
question  will  ho  halted  until  tho  necessary  iaproreaenta 
can  be  aceoopliabad.  A  daily  a re rags  eoneantration  excead- 
ing  2  Hg/n^  will  not  be  pa mitt ad  to  exist  for  a  period 
exceeding  60  days,  except  vith  the  specif ie  approval  of  the 
Air  Force.  Thia  approval  will  bo  granted  only  in  tha  event 
that  satisfactory  procedures  for  reducing  the  concentrations 
to  below  2  flg/a^  have  been  accepted  by  the  Air  Force. 

2.  In  the  event  that  a  single  air  sanple  shows  s  concentration 
in  excess  of  2?  iig/u"5  within  the  operating  area,  but  ia  less 
than  100  JJ g/m\  all  exposed  individuals  will  be  provided 
with  personal  respiratory  protection  approved  by  the  Air 
Force  and  the  Air  Force  will  be  notified  of  steps  which  are 
being  taken  to  eliminate  the  high  concentration.  If  the 
concentration  exceed*  100  jig/m^  in  s  single  sample,  opera¬ 
tion*  will  be  halted  and  the  nece**ary  correction*  made  to 
reduce  airborne  concentra t i on*  ot  this  single  point  to  below 

"i  fjg^m^.  In  no  ruse  will  concentra  1 1  on*  above  ilg/'n^  he 
perm  i  lied  to  >ont  for  a  period  exceeding  O'l  day*  without 
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*hs  a  penile  Approval  of  the  Air  Force.  Hue  approval  will 
be  granted  only  if  atepa  have  been  undertaken  which  can  be 
expected  to  provide  a  satisfactory  reduction  in  air 
contaaination. 

B.  Out-Plant  Racomm endationa 

1.  In  the  neighborhood  of  the  plant  handling  beryl liua  coe- 
pounda,  the  averege  eoneentrationa  at  the  btea thing  zone 
level  ahoald  not  exceed  0.01  ■icrograas  per  cubic  aeter. 

In  the  event  that  the  aaxiaua  average  neighborhood  concen¬ 
tration  at  the  ground  during  any  calendar  aontb,  aa  deter- 
ained  on  a  aonthly  baaia,  exceeda  0.01  (g/a^,  but  doea  uot 
exceed  0.05  Ug/m3,  the  plant  will  be  expected  to  infora  the 
Air  Force  of  apecific  proceduree  which  will  be  undertaken 
to  reduce  the  airborne  concentration.  In  the  event  that 
the  concentration  exceeda  0.05  «/®3.  operationa  will  be 
iaaediately  halted  and  the  neceeaary  correctiona  made  to 
reduce  the  average  concentration  to  below  0.01  (g/a^.  In 
any  event,  concentrations  above  0.01  |g/a^  will  be  permitted 
to  exist  for  not  aore  than  a  60-day  period  unleaa  specific¬ 
ally  authorized  by  the  Air  Force.  Such  authorization  will 
be  forthcoming  only  if  steps  are  being  taken  which  are 
expected  to  result  in  a  satisfactory  reduction  in  effluent 
material . 

2.  A  maximal  concentration  of  25  fig/m3  f  or  50  minutes  (i.e,, 

750  Jjg-min/m^)  may  be  used  as  a  finite  number  which  can  be 
introduced  into  diffusion  prediction  formula  to  estimate 
the  downwind  toxic  aerosol  exclusion  radii  from  a  beryllium 
propellant  combustion  cloud  when  siting  facilities. 

0.  Medical  Supervision 

There  should  be  n  medical  program  supervised  by  a  physician  to 
cover  all  worker*  who  may  be  potentially  exposed  to  beryllium 
and  its  compounds,  A  complete  medical  examination,  with  par¬ 
ticular  attention  paid  to  i.h<-  pul  nonary  system  will  In*  given  to 
all  employees  prior  to  a  *  *  i  glim,  nt  to  beryllium  piu,|icti  and 
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periodically  (at  loaat  annually)  thereafter,  including  a  termi- 
natibn  of  nployioBt  phyaioal  examination.  A  lb-inch  by  17- 
inch  cheat  X-ray  will  be  taken  at  each  one  of  theae  examinations 
and  retained  for  future  reference.  If  there  ia  any  evidence 
that  an  individual  haa  chronic  beryllioaia  poisoning,  each  on 
individual  should  be  excluded  from  any  future  exposure  to  beryl- 
lias  compounds. 

0.  Boggling  Requirements 

1.  An  environmental  sailing  program  will  be  submitted  for 
approval  by  the  Air  Force  Rocket  Propulsion  Laboratory  (BPFOO) , 
AFSC  prior  to  the  initiation  of  any  operations  involving  the 
use  of  beryl liias/bery Ilium  compounds  under  this  contract. 

This  program  must  permit  the  evaluation  of  peak  and  long-  - 
term  exposure  conditions  both  in  the  plant  and  in  inhabited 
off-site  areas.  Provisions  for  obtaining  maximal  exposure 
information  in  the  event  of  an  accidont  such  aa  a  production 
fire  or  detonation  should  be  included. 

2.  Meteorological  instrumentation  for  quantitative  establish¬ 
ment  of  data  to  minimise  downwind  toxicity  haxards  will  be 
provided  prior  to  operation  of  the  site.  The  "Operating 
Procedures"  must  provide  for  utilization  of  theae  data  in 
determining  when  firings  may  be  conducted. 

E.  Program  plana  in  the  over-all  area  of  industrial  hygiene  and 
telling  procedures  shall  be  coordinated  with  the  Surgeon, 

Deputy  Conaander  Aerospace  System,  AFSC,  USAF,  Attention: 

Capt.  Owen  H.  Kittilatad,  Air  Force  Rocket  Propulsion  Labora¬ 
tory  (UPFOO)  (DCD-l),  Edwards  Air  Force  Base,  California, 
through  the  Procuring  Contracting  Officer  prior  to  initiation 
of  effort. 
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PROPELLANT  PREPARATION,  MIXING,  AND 
CASTING— NEVADA  FACILITY 

4.1  Facilities  and  Equipment 

4.1.1  Tha  praparation  of  propallant  which  involve*  beryl liua  powder 
handling,  tha  aixing  of  the  powder  with  the  bindera  and  oxidiaer, 
and  the  diaplaceaent  caating  of  the  coapleted  propellant  f ormula- 
tion  are  conducted  in  the  aix  and  eaat  building  (Fig.  7).  The 
beryllium  powder  handling  and  weighing  ia  accoapliabed  in  a  speci¬ 
ally  conatructed  glove  box  ventilated  to  the  outaide  ataoaphere. 

Two  Ca abridge  filter-blower  unite  were  utilised  to  exhauat  the  cosh- 
pletely  contained  box.  An  acceaa  port  on  the  bottoa  of  the  box 
can  be  opened  to  permit  transfer  of  the  weighed  powder  to  the  nix 
pot  which  waa  placed  in  contact  with  the  bottoa  of  the  glove  box. 

A  gasket  seal  preventa  air  leakage  between  nixing  pot  and  glove 
box.  A  sketch  of  the  glove  box  ia  shown  ia  Fig.  9. 

4.1.2  The  vertical  propellant  aixer  contains  a  reaote  aecbanisn  to 
lower  and  raiae  the  aix  pot  into  the  deaired  poaition.  When 
closed,  the  nixing  area  ia  completely  contained  from  tha  breath¬ 
ing  ataoaphere. 

4.1.3  Following  intimate  aixing  of  the  ingredients,  the  fornulation  has 
a  dough-like  consistency  with  little  opportunity  for  the  contained 
berylliua  to  become  airborne.  The  caating  is  conducted  in  a 
closed  systea  in  the  aaaa  room  as  tha  weighing  and  aixing. 

4.1.4  One  wall  of  the  preparation  rooa  ia  a  concrete  blaat  wall  between 
the  aixing  area  and  the  aixing  control  rooa.  During  many  opera¬ 
tions,  the  double  doors  to  the  aix  cell  are  opened  to  provide 
dilution  ventilation  to  the  cell  interior. 

4.2  Operational  Procedures 

4.2.1  All  personnel  entering  the  mix  bay  during  propellant  preparation 
are  required  to  wear  a  complete  set  of  protective  gear  including 
n  filter-type  respirator.  (See  paragraph  11.2.2). 
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Figure  9.  Glove  Box  Assembly  (or  Weighing  Berjrlliua  Into  Mixer  Pot 


4.2.2  Powder-handling  technique!  involve  the  weighing  and  tranafer  of 
the  powder  to  the  nixing  pot.  The  nix  pot  ia  covered  with  plaatic 
and  removed  from  the  glove  box  after  the  acceaa  port  haa  been 
closed.  The  covered  pot  ia  transferred  to  the  mixer  and  placed 

in  a  position  to  be  raised.  The  mix  pot  is  raised  in  position 
remotely  from  the  adjacent  control  room.  Some  powder  dispersal 
was  noted  when  the  blades  first  contacted  the  powder  as  the  mix 
pot  was  raised  into  place.  When  locked  in  position,  the  mixer  ia 
completely  contained. 

4.2.3  Following  mixing,  the  propellant  is  transferred  to  the  casting 
equipment  where  it  is  cast  into  the  desired  configuration.  The 
mixing  blades  and  pot  are  scraped  to  ensure  that  all  the  propel¬ 
lant  ia  in  the  mold.  Displacement  casting  of  the  propellant  is 
conducted  remotely  from  the  mix  bay  control  room.  The  completed 
grain  ia  permitted  to  cure  in  the  curing  building  or  in  the  fir¬ 
ing  bay. 

4.2.4  The  decontamination  of  the  equipment  in  the  preparation  cell  ia 
conducted  while  personnel  are  wearing  a  complete  aet  of  protective 
apparatus.  All  decontamination  is  done  wet  to  reduce  the  gener¬ 
ation  of  airborne  beryllium  dust.  (See  paragraph  12. 0). 

4.3  Environmental  Data:  Preparation  Area 

4.3.1  Thirty-seven  air  samples  were  collected  and  analyzed  in  the  mixing 
bay  of  the  mix  and  cast  building  during  motor  fabrication.  Nine 
samples  were  collected  during  beryllium  handling  in  a  covered 
plastic  container  prior  to  installation  of  the  ventilated  glove 
box.  The  remaining  28  samples  were  collected  after  installation 
of  the  ventilated  enclosure.  Table  2  compares  the  air  sampling 
results  before  and  after  the  installation  of  the  ventilated 
i- onto  inment . 


TABLE  2 


NIX  BAY  AIRBORNE  BERYLLIUM  CONCENTRATION 


Location 

Number  of 
Samples 

Average 

Concentration, 
jig  Be/m’ 

Maximum 

Concentration, 

MB  Be/n3 

Minimum 
Concentration, 
MB  Be/n* 

Mix  Bay 

9 

14.6 

59.5 

0.97 

Mix  Bay 
(with  venti¬ 
lated  con¬ 
tainment) 

28 

0.93 

10.4 

0.003 

4.3.2  In  addition,  29  samples  of  tbo  atmosphere  vara  oollactad  in  tba 
control  room  of  tba  nix  building.  No  respiratory  protection  was 
required  in  tbia  area,  although  the  respirator  was  readily  avail¬ 
able  for  use.  Table  3  swmrizes  the  results  of  the  airborne 
contamination  found  in  the  mix  building  control  room: 


TABZE  3 

MIX  BAY  CONTROL  ROOM  AIRBORNE  BERYLLIUM  CONCENTRATION 


Location 

Number  of 

Samples 

Average 

Concentration, 

MB®./.* 

Maximum 
Contamination, 
MB  Be/m3 

Minimum 
Contamination, 
MB  Be/n3 

Mix  Bay 
Control  Room 

29 

0.312 

5.8 

© 

• 

o 

o 

wl 

4.3.3  Smear  samples  vers  taken  in  the  mixing  building  periodically  to 
determine  an  approximation  of  the  location  and  quantity  of  sur¬ 
face  contamination  that  vs a  present.  Thny  also  served  aa  a 
means  of  determining  the  effectiveness  of  decontamination  pro¬ 
cedures,  Table  4  summarizes  the  results  of  this  survey. 
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TABLE  4 


SURFACE  CONTAMINATION  IEVELS 


Location 

Number  of 
Samples 

Average 
Contamination, 
fig  Be/ 100  cm2 

Maximum 
Contamination, 
fig  Be/ 100  cm2 

Minimum 
Contamination. 
fig  Be/100  cm2 

Mix  Bay 

12 

3.62 

29.2 

0.01 

Mix  Bay 

4 

0.024 

0.07 

0.008 

Control 

Room 

4.4  Su— ry  and  Conclusions 

4.4.1  Tbs  handling  of  beryllium  powder  in  tbs  production  of  propellants 
can  be  conducted  without  excessive  exposure  to  personnel  if 
norasl  industrial  hygiene  practices  sre  followed.  Ventilated 
glove  boxes  or  boods  with  adequate  face  velocities  of  air  across 
tbo  openings  readily  contain  tbs  powders  vbicb  nay  bo  gsnorated. 
The  nixing  operation  also  can  be  dona  without  generating  air¬ 
borne  contamination  if  tbo  aiixing  area  is  adequately  cloaed. 
Following  nixing,  tbo  propellant  represents  only  a  minor  baxard 
in  terns  of  generating  an  airborne  hazard.  Adequate  care  must 

be  exercised  to  avoid  excessive  akin  contact  with  the  propellant, 
since  ingredients  other  than  beryllium  nay  have  adverse  denaal 
effects. 

4.4.2  The  initial  effort  to  contain  the  beryllium  powder  during  weigh¬ 
ing  and  transfer  by  swans  of  local  containment  in  plastic  was 
not  successful,  as  shown  in  Table  2.  After  installation  of  the 
glove  box,  the  measured  airborne  concentrations  were  greatly 
reduced.  When  the  mixing  bowl  is  raised  remotely  in  position, 
visible  airborne  powder  may  be  generated.  Although  this  opera¬ 
tion  is  conducted  remotely,  several  air  samples  reflect  this 
excessive  dust  production  in  the  mix  bay.  In  general,  environ¬ 
mental  sampling  was  conducted  during  periods  of  time  and  in 
locations  where  excessive  contamination  was  anticipated.  III.' 
samples  showing  minimal  concentrations  normally  reflect  bnrkgnxind 
conditions  or  when  minimal  activity  was  conducted  in  the  area. 


5.0  PROPS LLANT  CURING  AND  PRKPARAT ION — NEVADA 

5.1  Facilities  and  Equipment 

5.1.1  Propallant  curing,  trlmaing,  and  installation  of  tha  grain  in 
the  firing  bardvara  vara  eonduetad  in  tba  motor  praparation  area 
of  tba  firing  building.  Tba  caat  grains  vara  transported  to 
tba  building  by  band  truck,  paraitted  to  cura  in  tba  room  atmos¬ 
phere,  and  tr  lamed  for  insertion  in  tha  firing  bardvara.’ 

5.1.2  All  personnel  manipulating  tha  ourad  grains  during  this  operation 
vara  provided  vith  a  complete  sat  of  protective  clothing  and  a 
respirator. 

5.2  Operational  Procedures 

5.2.1  All  personnel  working  on  tha  berylliua  propallant  vara  required 
to  veer  complete  protective  gear,  including  a  "high  efficiency" 
filter  respirator.  Because  tha  beryllium  was  intimately  mixed 
vith  tha  propallant,  no  exeosaive  airborne  contamination  mis 
anticipated  during  these  operations.  Decontamination  vaa  required 
in  areas  vhere  the  grain  vaa  proceaaed  to  remove  bulk  trimainge. 

5.3  Environmental  Data 

5.3.1  Air  samples  taken  in  the  motor  preparation  room  of  the  firing 
building  revealed  concentrations  of  0.02  and  2.9  |1  g/m^  during 
motor  firings  in  the  firing  bay  across  the  blast  vail.  No  other 
air  samples  vere  taken  in  the  motor  preparation  area. 

5.3.2  Smear  surveys  for  surface  contamination  in  the  motor  preparation 

area  indicated  contamination  levels  of  0.08,  0.5,  and  0.02  Md/ 
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100  cm  .  These  surveys  vere  taken  at  various  dates  during  the 
completion  of  the  program. 

5.4  Summary  end  Conclusions 

1.4.1  The  available  air  sampling  data  do  not  adequately  reflect  the 

processing  conditions  which  may  be  encountered  during  grain  trim¬ 
ming  and  curing.  However,  the  low  surface  contamination  levels 
suggest  that  only  very  small  quantities  of  beryllium  in  powder 
form  ran  be  removed  from  the  mixed  and  formed  propellant. 


6  0  SHALL  MOTOR  PREPARATION  AND  TESTING— PROW!  US  I  ON 
FIELD  LABORATORY 

6.1  Facilities  and  Equipment 

<>.1.1  As  part  of  the  propellant  formulation  program,  various  2-inch 
beryllium-containing  teat  motors  were  produced  and  teat  fired 
at  the  Propulsion  Field  laboratory  (PF1.)  at  Santa  Suaana.  The 
facilities  available  for  beryllium  handling  at  this  facility 
include  a  laboratory  building,  an  entirely  enclosed  mixing  and 
firing  system,  and  a  change  area.  These  areas  are  shown  in 
Fig.  2  and  3. 

6.2  Operational  Procedures 

6.2.1  All  powder  handling  was  conducted  in  the  ventilated  hood  or  glove 
box  of  the  beryllium  laboratory.  Mixing  is  conducted  in  an 
enclosed  mixer  adjacent  to  the  firing  stand.  Pressing  and  cur¬ 
ing  of  the  grains  was  conducted  in  the  beryllium  laboratory. 

All  parsonnel  involved  in  these  operations  were  provided  with 
complete  protective  gear,  including  respirators.  Personnel 
were  required  to  decontaminate  the  area  after  each  day's 
operation. 

6.3  Environmental  Data 

6.3.1  The  air  samples  collected  at  the  beryllium  facilities  at  PFL 
ure  summarized  in  Table  3. 
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AIRBORNE  BERYLLIUM  CONCENTRATION 


Loco  t  i  on 

,  3 

Concentration,  Jig  Be/m 

Of f ice 

0.06 

Liboru tory 

0.02 

Near  Firing  Stand  During  IV-tting 

o.«6 

laboratory 

0.08 

Office 

o.ool 

Lilioru  tory 

0.007 

h.  1,2  Ventilation  lurnjri  of  the  hood  vara  conductod  early  in  the  pro* 
iraa.  The  face  velocity  of  air  moving  into  the  open  hood  vaa 
100  fpa.  No  problems  of  source  control  were  anticipated  baaed 
upon  thia  control  velocity. 


Summary  and  Concluaiona 

The  fabrication  and  teating  of  the  2-inch  berylliua-containing 
aotora  vaa  oonducted  at  PPL  without  the  development  of  excea- 
sive  airborne  berylliua  concentrations  in  the  working  area.  The 
implementation  of  normal  industrial  hygiene  practices  provides 
adequate  control  for  the  material  during  the  fabrication  and 
teat  firing  of  the  aotora. 


7.0  STATIC  TEST  FIRING— NEVADA 

7.1  Facilities  and  Equipment 

7.1.1  The  location  of  the  teat  building  at  the  Solid  Reaearch  Site, 
Nevada,  is  shown  in  Fig.  10.  The  cel la  where  the  static  testing 
is  conducted  are  open  on  the  euat  aido,  and  the  combustion  prod¬ 
ucts  are  diaperaed  in  this  direction.  The  completed  grain  and 
supporting  hardware  are  installed  on  the  mounting  supports 
inside  the  cell.  Instrumentation  leads  and  loiter  connections 
are  installed.  The  test  is  conducted  remotely  by  the  personnel 
in  the  control  center.  Earlier  tests  were  conducted  prior  to 
the  installation  of  a  concrete  pad  in  front  of  the  firing  stand. 
During  March  1963,  *n  extended  pad  waa  installed  in  front  of 
the  firing  bay  to  reduce  the  excessive  airborne  concentrations 
of  beryllium  found  in  this  area  during  motor  hardware  cleaning. 
Tha  concrate  pad  waa  installed  with  curbs  which  drained  the 
wash  water  from  the  pad  to  a  newly  installed  underground  sump. 

7.1.2  The  location  of  tha  control  canter  is  also  shown  in  Fig.  10. 

All  site  personnel  are  required  to  be  in  the  control  center 
during  static  test  firings  for  blast  protection  and  for  protec¬ 
tion  from  excessive  airborne  contamination.  All  external  open¬ 
ings  to  the  building  are  closed  to  restrict  inward  diffusion 

of  airborne  contaminants. 

7.2  Operational  Procedures 

7.2.1  All  personnel  in  the  vicinity  of  the  test  stand  are  required 
to  wear  complete  protective  gear  during  final  assembly  of  the 
motor  hardware,  connection  of  instrument  leads,  and  installa¬ 
tion  of  the  firing  mechanism.  After  arming  the  motor,  person¬ 
nel  enter  the  control  room  and  remain  in  the  closed  room  for  a 
period  of  at  least  '20  minutes  lifter  the  firing. 

7.2.2  After  firing,  personnel  rearing  complete  protective  clothing 
ami  respirators  re-enter  the  test  stand  area  for  disassembly 
of  the  motor  hardware  Mid  «•  1  •■mi mg  ot  the  area.  file  stand 
area  and  pad  me  .ashed  •  i  t  h  v-at.er  prior  t 

. . nb  1  y  . 


>  hoiking  "n  the 


7.3  Knvironmental  Data 

7.1.1  \ir  sampling  vaa  conducted  during  the  various  operations  aaanci- 
nted  with  the  atatic  teat  firings.  Table  n  euaaaarltaa  the 
reaulta  of  the  monitoring  program  conducted  in  varioua  areaa 
during  different  oparationa  in  the  teat. 

TABLE  6 


AIR  CONCENTRATION,  TEST  STAND  AREA 


Location 

and 

Operation 

Number 

of 

Samples 

Average 

Concentration, 
MS  Ba/m3 

Maximum 

Concentration, 
MS  Be/m3 

Minimum 
Concentration, 
MS  Be/m3 

Firing  Bay 

During  Firing 

2 

23.8 

34.2 

13.4 

Firing  Bay  During 
Cleaning  and  Motor 
Bemoval  (before  pad 
installation) 

4 

26.3 

61.5 

0.35 

Firing  Bay  During 
Cleaning  and  Motor 
Bemoval  (after  pad 
installation) 

4 

2.66 

3.22 

0.03 

Control  Center 
Background 

1 

0.03 

sees 

a  •  a  a 

Control  Center 
During  Static 
Testing 

10 

0.44 

2.0 

0.0003 

7.1.2  Air  aampling  was  conducted  at  a  number  of  different  on-aite 

locations  during  various  phases  of  the  program.  Table  7  sum¬ 
marizes  the  sampling  data  collected  in  various  locations  on 
the  site.  These  data  represent  general  background  concentra¬ 
tions  on  the  site  ut  the  time  and  position  designated.  Samples 
*»'•».  »  und  B  indicated  somewhat  higher  roncenf  rations  of  air¬ 
borne  beryl  liua  than  eight  be  ant  i .  i  p.ited ,  and  are  probably 
'h.*  result  of  1  o<  a  I  «  .j  l,u  1  .u.>  e  or  -a.  pie  <  oi.i  iuii  ■  tia  1 1  on  during 


'  I  r.'l  ling. 


TABLE  7 


A  IB  SAMPLING  RESULTS,  NEVADA 


B 

Sample 

No. 

Tima 

('oncentration, 

Tima  of 
Firings 

Location  and  Operation 
■  ■ 

On 

Off 

M  B«/«3 

9-18 

1 

Ten  feat  north  of  control 

1435 

1530 

0.04 

1445 

center  during  and  after 

and 

testing 

1715 

o 

Fifty  feat  upwind  of 
firing  bay 

1437 

1645 

0.01 

3 

Fifty  feat  upwind  of 
firing  bay 

1656 

1747 

6.5 

4 

At  grid  station  A-9 
after  firing 

1745 

1800 

0.13 

9-19 

5 

Fifty  feet  upwind  of 

1400 

1700 

0.28 

1515 

firing  bay  during  tasting 

and 

1707 

6 

Ten  fast  north  of  control 
center  during  motor  teat 

1400 

1545 

0.04 

7 

Ten  foot  north  of  control 
cantor  botweoa  firings 

1545 

1645 

10.3 

8 

Fifty  foot  upwind  of 
firing  bay  during  teat 

1700 

1830 

0.26 

7.4  Summary  and  Cone lua ions 


7.4.1  Monitoring  data  indicata  that  excessive  airborne  beryllium 
concentration*  are  preaent  in  the  firing  bay  during  atatic 
teat  firing*  and  during  removal  of  the  motor  hardvare  after 
completion  of  a  teat.  The  data  indicate  that  a  significant 
reduction  in  the  airborne  concentration  can  be  effected  by 
installation  of  a  suitable  concrete  extension  on  the  firing  bay 
•.inch  provide*  improved  decontamination  in  the  area  The  *ig- 
ii  1 i i t  int 1 y  higher  air  concentration*  noted  prior  to  installation 
the  concrete  pud  suggest  that  the  excessive  concentration* 
’•••re  generated  by  surface  contamination  of  the  soil  in  front 
of  the  f i r i ng  buy. 

<  •  '•  •  -  1  iit.iol  of  tlie  .i  t  ■*..  be  r  i  o  •■iK.-ti  t  r  1 1 1  on  ui  »  l.e  ■  |..s.o|  control 

i  •  •  .•jpears  t"  -  1 1. 1  •  t  .i  e  t  •  ry .  ••»<■«..  ,u,.  •  neetitra  1 1  on* 

noted  in  tin.  ii  leu  .luiMig  'he  '«  «t  fir,  eg.  m  t  he  firing 

I  n  . 

'  I 


7.4.3 


The  firing  bay  araa  mi  a  "raatrietad  araa"  throughout  tha  com- 
plotion  of  tha  taat  program.  All  paraonnol  wort  raquirad  to 
wear  a  comp  lata  aat  of  protective  olothing  during  antry  to  thia 
area.  No  raapiratory  protection  waa  required  in  the  control 
center  during  atatie  tooting. 

7.4.4  Tha  taat  firing  of  beryllium-containing  aolid  propel lent a  waa 
conducted  without  incidant  and  without  excessive  paraonnol 
exposure,  aa  indicated  by  tbo  meaauremanta  during  tha  program. 
However,  atriot  adharonca  to  procedurea  ia  required  by  aite 
paraonnol  to  minimise  tha  exposure  of  the  test  operators  during 
the  post-test  disassembly  work. 


O 


8.0  ATMOSPHERIC  DIFFUSION  STUDIES 


8.1 

8.1.1 


8.1.2 


8.2  Sampling  Procedure 

8.2.1  The  sampling  network  was  started  about  I  hour  prior  to  the  sched¬ 
uled  firing  since  the  gaaoline-motor  samplers  had  to  be  started 
manually.  Also,  the  monitors  operated  for  about  1  hour  after  ths 
release  of  the  cloud.  Ths  filter  papers  were  changed  at  the  com¬ 
pletion  of  the  sampling  run  for  esch  firing.  The  papers  were 
immediately  submitted  to  the  laboratory  for  analysis. 

8.2.2  All  personnel  entering  the  downwind  sampling  area  were  required 
to  w ear  <*  complete  set  of  personal  protective  gear,  including  a 
respirator. 


Equipment 

An  air  sampling  network  was  located  downwind  of  the  firing  bay  to 
determine  ths  concentrations  of  ths  beryllium  clouds  at  varying 
distances  from  ths  discharge  point.  Figure  10  shows  ths  location 
of  tbs  sampling  network  relative  to  ths  Solid  Research  facilities. 
The  samplers  on  the  600-foot  grid  were  "high  volume"  samplers  oper¬ 
ated  from  a  portable  motor-generator  unit.  The  samplers  located 
on  the  1800-foot  arc  were  gasoline-driven  sampling  pumps. 

Several  techniques  were  uaed  to  determine  the  cloud's  trajectory 
and  the  relationship  of  the  cloud's  center  to  the  air  monitors. 
Pbotographio  coverage  from  two  fixed  movie  cameras  and  ona  sequence 
camera  waa  mads  for  each  teat.  By  analysis  of  theca  films  it  was 
possible  to  approximate  the  horixontal  and  vertical  travel  of  the 
cloud  relative  to  the  sampling  network.  Because  the  samplers  wars 
placed  equidistant  from  each  other  on  the  arcs,  it  is  possible  to 
plot  a  normalized  curve  of  the  crossvind  distribution  of  tbs 
clouds.  Upon  comparison  with  Sutton's  point  source  release  equa¬ 
tions,  the  measured  concentration  was  found  to  be  somewhat  less 
than  the  calculated  concentration. 


8.1  Stapling  Network  Raoul to 

8.1.1  Sequential  pkotographa  of  the  cloud  diffuaion  are  ahawn  in  Pig,  11 
and  12.  Theae  pkotographa  are  fairly  typical  of  tha  uaual  cloud 
iliaperaion  after  a  atatic  taat  firing. 

8.3.2  Table  8  auaaeriaee  tha  reaulta  obtained  fro*  the  downwind  aaapling 
network  during  vmrioua  taat  firinga  of  beryl liua-contcining  not ore. 
The  total  integratad  concentration  of  berylliua  ia  given  at  each 
aaapling  a tat ion  on  the  network  in  iig-ain/a\  The  average  flow 
rate  of  the  aaaplera  in  a%is  wee  divided  into  the  total  beryl¬ 
liua  in  aiorograae  eolleoted  by  tha  aaapler  to  obtain  the  T.I.D. 

8.3.3  Uaing  Sutton' a  equation  for  total  integrated  doaage  (T.I.D.)  at 
the  ground  downwind  of  an  inatantaneoua  eource,  the  Rocketdyne 
Meteorology  Unit  calculated  the  T.I.D.  at^tbe  1800-foot  aaapling. 


T.I.D.  - 


(5t)a- 


where 


T.I.D. 


total  integrated  doaage, 


Q  -  eource  etrengtb  or  weight  of  berylliua  releeeed, 

graaa 

2 

C  -  diffueion  coefficient  (for  iaotropic  turbulence) 

u  -  aeon  wind  apeed,  aatera/aecond 

ut  -  aaaple  diatanee  downwind,  aetara 

n  -  atability  parameter  (range  0  to  1) 

h  -  height  of  aaoke  pluae  at  aaapler,  aetara 

For  each  diffuaion  atudy  (Table  9),  the  value*  for  C2  vere  aaaigned 
according  to  the  atability  parameter  n,  and  the  height  of  the  center  of 
the  *aok*  plume,  b.  The  value*  for  n  (between  0.22  and  0.27  in  thi* 
aerie*)  were  baaed  upon  the  vertical  temperature  gradient  aa  indicated 
by  teaperature*  recorded  at  different  elevation*  <>n  <hi*  »ite,  and  i  he 
•  loud  height  '.aa  ewtinntcd  from  the  I  ri  a’lgulu  t  ed  motion  picture*  of 
earl,  teat. 


MEASURED  T.I.D.  AT  VARIOUS  SAMPLING  STATIONS 
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TABLE  9 


EXPERIMENTAL  VS  THEORETICAL  DATA 
ON  CLOUD  DIFFUSION 


Diffusion 

Study  Number 

Date 

Calculated 

T.I.D., 

Jig-min/m3 

Measured 

T.I.D., 

Mg-min/V 

1 

9-18-62 

1720 

1540 

2 

9-18-62 

2360 

5180 

2 

9-18-62 

,2140 

960 

3 

9-18-62 

216 

765 

4 

9-19-62 

14200 

14500 

4 

9-19-62 

4180 

1330 

5 

4-11-63 

400 

152 

6 

4-11-63 

200 

164 

7 

4-13-63 

Cloud  did  not  cont 

act  samplers 

The  aean  wind  spaed  (a)  and  wind  direction  were  read  from  recorded  data 
using  Beckman  and  Vhitley  instruments  located  in  the  teat  area.  The 
value  for  (for  n  -  0.25,  and  b  varying  froa  50  to  100  aeters)  waa  0.01, 
the  wind  direction  was  froa  the  west  to  southwest  and  the  speed  averaged 
5  aeters  per  second.  There  was  less  than  0.5  cloud  cover  on  those  days. 

8.4  Suosary  and  Conclusions 

8.4.1  The  sampling  network  provides  a  aeans  of  measuring  the  average 
concentration  of  airborne  berylliua  at  ground  level  downwind  of 
the  release  point.  Photographs  of  the  cloud  path  permit  estima¬ 
tions  of  the  time  that  the  cloud  was  in  contact  with  the  network, 
and  may  be  used  to  verify  the  path  of  the  cloud  in  the  downwind 
area . 


r» 


Figure  11.  Hostage  of  Clou!  Path,  Toot  No 


8.4.2 


rhese  studies  suggest  the  following  concluaiona: 


1.  la  aoat  caaaa,  tha  aethoda  of  calculating  the  downwind  con- 
cantration  of  airborna  beryl llua  appear  to  yield  a  higher 
T.I.D.  than  the  aaaaurad  value.  Phis  aethod  of  eatinating 
the  downwind  concentration  at  tha  Solid  Baeearch  Area  can 
be  uaed  with  reaaonable  confidence  for  aaall  not ora. 

2.  Because  the  saaplera  on  the  1800-foot  grid  were  placed  200 
feet  apart,  the  peak  concentration  probably  waa  not  aeaaured. 
If  an  infinite  number  of  saaplera  were  uaed,  the  aeaaured 
concentrations  would  be  closer  to  the  calculated  values. 

3.  The  average  exposure  of  personnel  in  the  downwind  area  can 
be  estiaated  froa  the  calculated  and  aeaaured  downwind 
concentrations . 

8.4.3  More  data  should  be  available  to  substantiate  the  conclusions 
reported  in  paragraph  8.4.2. 


9.0  GENERAL  ENVIRONMENTAL  SAMPLING  PROGRAM 

9.1  Soil  Contamination  Surveys 

9.1.1  Soil  samples  consisting  of  1  aq  ft  of  aoil  aurface  1  inch  deep 
war*  collactad  at  tha  Santa  Suaana  barylliua  facility  and  at  tha 
Solid  Raaaarch  Area,  Nevada.  Tha  aaaplaa  vara  aiaved  to  obtain 
tha  325-naab  fraction.  Thia  fraction  waa  aubaitted  for  analyaia. 
Tabla  10  auaaarizaa  tha  data  obtainad  froa  thaaa  aaaplaa. 


TABLE  10 
SOIL  SAMPLE  DATA 


Location 

Data,  1962 

Concentration, 
ilg  Bo/gn  aoil 

Seats  Suaana 

Santa  Suaana 

4-5 

1.35 

4-5 

0.95 

Santa  Suaana 

4-5 

0.66 

Nevada 

7-3 

0.19 

Nevada 

7-5 

0.43 

Nevada 

7-3 

Non#  Detected 

9.1.2  Additional  aoil  aaaplaa  vara  collected  during  December  1963  fol¬ 
lowing  coapletion  of  the  etatic  teat  firinga  at  Nevada.  The 
analytical  reaulta  have  not  yet  been  received.  A  periodic  aoil 
sampling  program  will  ba  continued  in  the  future  aa  a  company- 
sponsored  program. 

9.2  Off-Site  Air  Sampling 

9.2.1  Background  air  sampling  in  the  vicinity  of  the  Nevada  site  was 
conducted  periodically  during  the  completion  of  the  static  test 
firings.  Table  11  summarizes  the  results  of  this  off-site 
stapling  program.  Pleura  13  ah ova  location  of  the  eampllng  site. 


TAME  11 


OtT-SITE  AIR  SAMPLING  RESULTS 


Location 

Start 

Data 

Concentration, 
ilg  Be/V* 

Rano,  Nevada 

7-17-62 

2  x  10‘4 

Sky  Ranch 

7-16-62 

3.5  *  10"4 

Rano,  Nevada 

3-22-67 

5.9  x  10-4 

Rano,  Nevada 

3-27-67 

2.1  x  10“5 

Rano,  Nevada 

3-70-63 

3.7  *  10"4 

Sky  Ranch 

3-22-63 

3.2  *  10“4 

Sky  Ranch 

3-26-63 

1.5  *  10*4 

Sky  Ranch 

3-28-63 

9.1  *  10*4 

Service  Building 

12-18-63 

4  x  10"4 

Liquide  Area 

12-17-63 

5.2  x  10-’ 

9.2.2  Eight  additional  eamplaa  vara  takan  at  tba  above  locationa  during 
July  and  Auguat  1962.  No  beryllium  could  ba  detected  on  tba 
filter  papers  aubaitted  iron  these  saaples, 

9.7  Water  Sampling  and  Analysis 

9.7.1  Water  sampling  and  analysis  were  not  performed  during  the  course 
of  the  program.  However,  a  method  of  evaporation  followed  by 
spectrogrephic  analysis  was  developed  during  December  1967. 
Sumples  of  water  from  the  wells  at  the  Solid  Research  Area  and 
the  Advanced  Liquids  Area  were  analyzed  during  December  1967. 

Doth  samples  indicated  concentrations  of  less  than  0.02  p|>m. 

9.7.2  Water  sampling  of  surface  and  underground  water  in  various  site 
locations  will  be  incorporated  into  future  programs  at  the 
Nevada  site. 


9.4  Summary  and  Concluaiona 

9.4.1  In  general,  a  more  rigoroua  program  for  avaluating  off-aite 

atnoapharlc  beryllium  concentration#  abould  be  implemented  to 
adequately  evaluate  all  off-aite  areaa,  Off-aite  aaapling 
abould  include  the  populated  areaa  eaat  of  the  facility.  The 
data  preaented  in  Table  11  indicate  no  exceaaive  ataoapheric 
coneantrationa  of  beryllium  in  the  areaa  aaapled.  Future  pro¬ 
gram  plana  apecify  aa  expanded  environmental  aampling  program  at 
Nevada  jt 


10.0  SITE  CONTROLS,  NEVADA 

10.1  Visible  Warning  Systems 

10.1.1  All  buildings  si  tbs  Nevada  Solid  Rassarch  Area  which  ara  pro¬ 
cessing  beryllium  ere  designated  by  a  flashing  red  light  on  the 
building.  A  similar  warning  system  is  instituted  on  buildings 
where  formed  and  pressed  grains  are  stored,  processed,  or  test 
fired. 

10.2  Test  Firing  Alarm  System 

10.2.1  Visual  and  audible  alarms  are  activated  at  established  intervals 
prior  to  a  static  test  firing.  The  visual  and  audible  alarm 
system  provides  a  warning  to  all  personnel  on  the  site.  The  pro¬ 
cedures  for  conducting  a  test  are  specified  in  the  site  opera¬ 
tional  procedures. 

10.3  Physical  Restrictions 

>  10.3.1  All  access  roads  to  the  Solid  Research  Area  are  closed  during 
haserdous  processing  and  test  operations  on  the  site.  Warning 
signs  are  posted  at  the  entry  to  the  site.  All  personnel  enter¬ 
ing  the  site  must  telephone  the  site  control  center  for  permis¬ 
sion  or  instructions  prior  to  entering  the  area. 

10.3.2  Vehicle  and  personnel  barricades  are  arranged  on  the  site  to 
prevent  entry  to  specified  areas  because  of  blast  or  contamina¬ 
tion  hazards. 

10.3.3  Contaminated  areas  are  designated  on  the  site  in  the  firing  bay 
area  and  the  nix  building.  These  areas  have  been  found  to  con¬ 
tain  excessive  surface  or  airborne  contamination  at  various  peri¬ 
ods  during  processing.  Complete  protective  apparatus  must  be 
worn  by  site  personnel  entering  these  areas. 

10. 4  Meteorological  Controls 

10.4.1  Test  firings  are  only  conducted  when  specified  meteorological 
conditions  at  the  test  site. have  been  met.  For  the  Solid 
lie search  Facility,  static  testing  may  he  conducted  throughout 
the  day  «lien  tile  wind  blows  from  the  south-southwest  through 
north  it  a  spool  greater  than  4  knots,  anil  with  less  than  O.b 


cloud  cover.  Thoao  parameter*  vara  choaan  only  for  aafa  on-slta 
conaidarationa,  ainca  tha  quantity  of  am  tar la 1  vaa  conaidarad 
to  ba  too  minimal  to  craata  an  off-aita  hazard. 


11.0  PERSONAL  PROTECTIVE  EQUIFJfRT 

11.1  General  Sit*  Ar**« 


11.1.2  Personnel  •■ployed  at  th*  Solid  fUtwreb  Area,  Nevada,  ar*  not 
required  to  veer  special  protective  clothing  unleaa  they  ar* 
required  to  operate  in  a  specified  contamination  area  or  ar* 
required  to  Manipulate  materials  or  equipment  which  nay  have 
excessive  surface  contamination. 


11.1.3  Similarly,  personnel  at  the  FPL  berylliua  facilities  ar*  not 
tsnired  to  wear  special  protective  clothing  unless  operating 
in  aS»ntaainat*d  area  or  handling  highly  contaminated  hardware. 


11.2  Restricted  Areas 

11.2.1  Th*  contaminated  areas  at  the  various  facilities  are  as  follows: 

1 . \\Mix  Bay,  Mixing  and  Casting  Building,  Nevada 

2.  Firing  Bay,  Firing  Building,  Nevada 

3.  Firing  Bey  Fad  and  Downwind  Diffusion  Area,  Nevada 
%.  Berylliua  Laboratory,  FPL 

3.  Berylliua  Mixing  and  Firing  Area,  FPL 


11.2.2  The  minimum  personal  protective  equipment  that  must  be  worn  by 
personnel  working  in  the  areas  listed  in  paragraph  11.2.1  is 
as  follows. 

1.  M.S.A.  "Comfoe"  respirator  equipped  with  "Ultra  Filter" 
Type  B  canister  or  M.S.A.  "Dus foe"  respirator  with  Type  M 
"l-ltra  Filter"  canister.  A  full-face  M.S.A.  canister 
respirator  is  also  available  for  use  at  the  site. 

2.  Coveralls  which  huve  been  treated  with  flume-retardant 
materials. 

Underwear 

'i .  Moots  or  plastic  shoe  covers. 


5.  Aa  air  lina  breathing  ijntn  ia  inatallad  in  tha  firing 
bay.  Tha  ayataa  utiliaaa  bottlad  braatbing  air  and  Scott 
full-faca  naaks.  Tha  aaaka  aay  ba  uaad  on  tba  air  lino  or 
whan  tba  air  lina  ia  dlaconncctad,  tha  oaak  autoaatically 
conrarta  to  a  filtar  respirator. 
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12.0 


DECONTAMINATION 


12.1  Contaminated  Areas ,  Nevada 

12.1.1  The  static  teat  area  is  immediately  washed  with  water  following 
re-entry  of  personnel  after  a  firing.  The  exterior  of  the  aotor 
hardware,  as  well  as  the  teat  stand  and  concrete  pad,  are  also 
washed  with  water.  The  hardware  removed  froa  the  aotor  is 
taken  to  an  adjacent  area  of  the  pad  and  washed  in  water  to 
reaove  all  aaable  beryllium.  Following  water  wash,  the  hardware 
is  coated  with  oil  to  ensure  that  the  surface  will  remain  "wet." 

12.1.2  Similarly,  the  aix  bay  is  washed  with  water  after  each  grain 
preparation.  Hardware  is  dscontaainated  in  water  or  appropriate 
solvents  to  reaove  beryllium  and  other  residual  aaterials. 

12.2  Contaminated  Areas,  PFL 

12.2.1  Decontamination  of  various  areas  and  equipment  is  also  accom¬ 
plished  with  water  and  a  wetting  agent.  All  decontamination 
operations  must  be  done  wet  with  personnel  adequately  protected. 

12.3  Decontamination  of  Clothing,  Nevada  and  PFL 

12.3.1  All  ganaenta  worn  in  contaainatsd  areas  of  the  Nevada  site  are 
washed  in  a  machine  provided  on  the  site.  Clothing  from  the 
PFL  operations  is  sent  to  a  laundry  specializing  in  the  decon¬ 
tamination  of  protective  clothing.  The  final  rinse  water  from 
each  batch  of  laundered  garments  is  analyzed  for  beryllium  by 
The  Smith-Emery  Company,  Los  Angsles,  California.  Normally, 
the  beryllium  content  is  less  than  0.1  Jig  per  liter  of  rater. 

12.3.2  Personnel  wearing  protective  clothing  are  not  permitted  to  wear 
the  garments  off  the  site. 

12.4  Personnel  Decontamination 

12.4.1  Change  rooms  are  available  at  both  facilities  to  provide  an 
area  for  the  changing  of  clothing  and  for  bathing.  A  shower 
separates  the  contaminated  section  from  the  clean  side  of  the 


coma  to  for i 1 i In  to  personnel  decontamination. 


12.4.2  Operational  proeaduroa  specify  that  all  poraonnol  vorkinf  in 
contaainated  araaa  will  shower  before  leaving  the  site. 
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13.0 


MASTS  DISPOSAL 


13.1  Liquid  Vast*,  Nevada 

13.1.1  Wash  watar  fro*  tha  Nevada  test  stand  ia  psnaittsd  to  drain  to 
a  ssspaf*  pit  adjacent  to  ths  firing  pad.  Tbs  pit  is  approxi¬ 
mately  13-f**t  deep  and  partially  filled  with  rook.  Tha  sur¬ 
face  is  covered  with  earth  over  a  protective  metal  cap.  Water 
from  the  change  area  ia  drained  to  a  septic  tank  system  adjacent 
to  the  change  room. 

13.2  Vasts  Disposal,  PPL 

13.3*1  Liquid  vasts  from  the  aerubber  system  is  filtered  prior  to 

release  to  the  local  sanitary  s ova go  system.  The  solid  wastes 
generated  in  tha  operation  of  tho  laboratory  aro  transported  ia 
drams  to  tho  Vast*  Disposal  Sootion,  Atomies  International,  for 
final  disposition  with  radioactive  imsto.  glass  only  llmitod 
voltaaea  of  solid  vastos  are  generated,  this  nathod  has  been 
seleetod  because  of  eonveaione*  rather  than  necessity. 

13.3  gelid  Contaminated  Vast*,  Nevada 

13.3.1  All  solid  vast*  is  placed  in  a  trench  located  about  100  feet 
from  the  firing  bay  pad.  The  trench  is  about  3-feet  deep.  The 
material  may  either  b*  covered  vith  earth  or  burned,  as  in  the 
case  of  vast*  beryllium  propellant.  Tbs  burning  of  vast*  groin* 
is  conducted  while  utilising  all  the  precautions  normal  to  a 
static  testing  of  propellant.  Final  disposition  of  the  vast* 
includes  an  earth  covering  of  A  feet.  Efforts  will  be  made  to 
prevent  disturbing  of  the  burial  sit*  vhen  it  is  finally  closed. 
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14.0 


ENVIRONMENTAL  MONITORING 


14.1  Equipment 

14.1.1  On-site  air  monitoring  it  conducted  with  high-volume  Staplex 
or  Unioo  air  samplers.  Whatman ' ■  No.  4  filtor  paper  ia  used 
aa  the  ool looting  medium. 

14.1.2  Off-aite  air  aaapliag  ia  done  with  low-volume  saaplera  using 
Whatman's  No.  41  filtor  paper  as  the  filter  medium.  One  Gel man 
Bantam  air  sampler  and  one  Gelnan  portable  continuous  air 
sampler  are  used  for  air  sampling  in  off 'Site  areas. 

14.1.3  Fifteen  Flltroaies  custom-designea  gasoline-dr iron  air  samplers 
wore  used  on  tbs  downwind  sampling  system.  Tbs  sampler  operates 
at  13  if  efn  using  a  Whatman's  Wo.  41  filtor  papsr  (ll  cm)  for 
osllsetion.  Tbs  downwind  sir  samples  oollsetsd  am  tbs  600-foot 
are  wars  taken  with  110-volt  high-volume  samplers  powered  by 
motor-generator  units  installed  on  tbs  are. 

14.2  Calibration  Methods 

All  high-voluno  air  samplers  are  periodically  calibrated  with  a 
venturi  flowmeter  and  water  manometer,  lbs  primary  calibration 
of  tbs  flowmeter  has  been  done  by  tbs  Boeketdyne  Metrology 
laboratory.  At  the  time  of  calibration,  the  rotoneters  are  set 
to  provide  s  true  sir-flow  reeding  at  one  point.  If  the  roto- 
neter  deviates  significantly  over  the  total  range  from  the  true 
air  flow,  the  correct  flowrate  ia  established  by  means  of  a 
calibration  curve. 

14.3  Sample  Handling 

14.3.1  All  air  sample  paper  removed  from  tbe  samplers  is  folded  so 

that  the  exposed  surface  is  enclosed  end  placed  in  an  envelope, 
the  sample  data  are  recorded  in  a  log  book,  and  the  sample  is 
submitted  to  the  laboratory  for  analysis.  Periodically,  blank 
sample  papers  are  submitted  to  determine  the  extent  of  cross 
contamination. 


14.3.2  Snser  uaplu  of  surface  eoataainatioa  or*  obtained  by  lightly 
nibbing  a  1-inch -dians tor  disk  of  Vhataan'a  41  filtor  paper 
over  tho  onapootod  aurfaoo  aroa.  Aa  area  of  approxiaately 
100  iq  ea  ia  vipod  by  tbia  technique.  The  saaplo  io  folded  oo 
that  tho  oxpoood  aroa  ia  inward,  placed  ia  aa  tore lope,  sad  eub- 
aittod  for  analyaia.  Because  the  technique  any  vary  signifi¬ 
cantly,  the  data  aust  be  interpreted  only  aa  a  very  rough  indi¬ 
cat  i  to of  surface  eoataaiaatioa  levels. 

N. 

14.4  Mooitoring^chniques 

14.4.1  Throughout  the  e our so  of  this  prograa,  the  priaary  eencern  has 
been  to  evaluate  the  beryl liua  exposure  of  on-site  peraeaael. 
Thus,  eeapler  locations  have  been  established  ia  areas  where 
site  peasant  1  do  not  wear  respiratory  protection;  alae  aaaplea 
have  been  taken  in  these  areas  where  personnel  are  required  to 
wear  respiratory  protection.  Of  secondary  concern,  locations 
ea  site  and  areas  downwind  of  the  static  test  firings  where  as 
personnel  are  exposed,  have  been  evaluated. 
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13.0  ANALYTICAL  SZSVICZ3 


15.1  Saaple  analysis  for  beryllium  was  provided  by  the  following 
loborotorioa  during  tho  course  of  this  program: 

1.  Truaadail  Laboratories,  Loa  Angelas,  California 

2.  Analyst's  Incorporated,  Oakland,  California 

3.  The  Rocketdyne  Eeaearch  Department,  Analytical  Chemiatry 
Unit,  Canoga  Park,  California 

15.2  The  aamplea  ware  analysed  by  the  wet  method  using  the  Morin 
technique  or  by  emiaaion  spectroscopy. 

15.3  To  evaluate  the  capability  of  the  contract  laboratory  services 
utilised  by  Bocketdyne ,  beryllium  standards  prepared  by  Edwards 
Air  Force  Base  were  submitted  to  both  Truaadail  Laboratories  and 
Analyst's  Incorporated  for  comparative  analysis.  Table  12 
summarises  the  results  of  thesa  analyses. 


TABLE  12 

COMPARATIVE  BERYLLIUM  ANALYSES 


Sample 

Designation 

Truesdail 
Laboratories 
(jig  Be) 

Analyst's 
Incorporated 
(Mg  Be) 

Edvards  Air 
Force  Base 
((J*  Be) 

A 

0.34 

0.40 

B 

21.0 

20.3 

C 

160.0 

150.0 

131.6 

D 

2.1 

2.4 

2.3 

E 

0.011 

0.004 

0 

16.0  SOMA HT  AMD  COMCLCBIOMS 

16.1  The  Industrial  hygiene  and  Safety  Program  (Taak  I)  haa  daaonat rated 
tha  fsaaibility  of  producing,  handling,  and  taat  firing 

beryl  liw-containing  propallanta  without  excessive  poraonnol 
axpoaura .  To  achieve  thia  and  raault,  the  taak  haa  required 
action  in  tha  following  areaa  of  coneorn: 

1.  Review  all  facility  installation  and  modifications  of 
existing  facilities  and  sake  appropriate  reeoaaiendations 
for  exposure  control. 

2.  Review  installations  speoifieally  designed  for  the  control 
of  beryllium  and  evaluate  the  effectiveness  of  the  deviee. 

3*  Review  the  development  of  procedures  for  various  operations 
aondneted  on  the  site  to  prevent  excessive  exposure  and  for 
other  aspects  of  employee  safety. 

4.  Conduct  an  environmental  sampling  program  to  evaluate  the 
need  for  controls  or  to  dote mine  where  controls  are  too 
stringent  and  may  rationally  be  relaxed. 

9.  '  Determine  the  need  for  specif ie  personal  protective  appara¬ 
tus  and  make  appropriate  recommendations  regarding  the 
duration  and  location  where  such  devices  are  necessary. 

6.  Train  operating  personnel  in  the  need  for  protective  devices 
and  apparatus,  the  hazards  associated  with  beryllium  handl¬ 
ing  and  suggest  ways  to  provide  control  of  the  proceea 
without  causing  unnectesary  work  restriction. 

16.2  In  conclusion,  no  ezeeesive  exposures  have  been  recorded  during 
this  program.  The  handling  techniques  have  been  developed  to 
provide  adequate  control  without  causing  undue  restrictions  being 
placed  upon  operational  pernonnel.  The  initial  attitude  of 
apprehension  which  was  prevalent  among  operational  personnel 
during  early  phases  of  the  program  has  gradually  been  converted 
to  an  attitude  of  confidence.  This  confidence  is  based  upon  a 
realistic  appreciation  of  the  associated  hazard  and  a  knowledge 
of  the  ffl<*ans  to  control  the  lui/nrd, 
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APPENDIX  A 


The  following  are  documents  on  the  toxicity  and  handling  of  beryllium 
and  its  compounds  which  may  be  of  interest. 

1.  Health  Hazards  From  Beryl lius.  Merrie  Eisenluid.  Health  and  Safety 
Laboratory,  U.S.  Atopic  Energy  Conaission,  New  York.  (Chapter  12 
fro*  the  Metar'^arylliua,  Donald  V.  White.  Jr.  and  Joseph  E.  Burks . 
American  Society  tale ,  Cleveland,  Ohio,  1955,  620-640. 

2.  Health  Protection  in  Beryllium  Facilities.  Sumaary  of  Ten  Years  of 
Experience.  A.J.  Breslin  and  W.  B.  Harris.  U.S.  Atomic  Energy 
Commission,  Health  and  Safety  laboratory.  New  York  Operations  Office, 
Be  port  No.  HAS&S6,  1  May  1998,  98;  U.S.  Office  of  Technical  Services, 
Washington  29,  D.C. ,  11.79;  AMA  Archives  of  Industrial  Health, 

Yol.  19 i  June  1999 •  996-648,  Bibliography. 

3.  Beryllium  and  Berylliosis.  J.  Schubert.  (Scientific  American, 

Vol.  199.  No.  August  1996,  27-39). 

4.  Beryllium  Handling-Reducing  Health  Risks.  R.O.B.  Brooks.  (Nuclear 
Power,  Vol.  3,  No.  23,  March  1998,  112-114). 

9.  Beryllium:  Hazard  Evaluation  and  Control  in  Research  and  Developawnt 
Operations.  E.  C.  Hyatt,  U.  F.  Schultz,  and  others  (AMA  Archives 
of  Industrial  Health,  Vol.  19.  February  1939,  211-220,  si 
references). 

b.  Beryllium  Safe  Handling  Practices.  Webster  Hodge.  (Defense  Metals 
Information  Center,  Battel le  Memorial  Institute*  Columbus,  Ohio, 

0M1C  Memo  2,  22  September  193H,  13)  LD-2U9  799. 

7.  Disability  Found  in  Persons  Exposed  to  lertnin  Beryllium  Compounds. 

II.  L.  Hardy,  (AMA  Archives  of  industrial  Health,  Vol.  12,  August 
1993.  1*0-181). 


8.  Pathologic  Change a  Induced  by  Borylliua  Compound* .  L.  T.  Varwald 
and  A.  L.  Reeve*  (AMA  Archive*  of  Industrial  Health,  Vol.  19, 

February  1959,  190-199,  Bibliography). 

9.  Physico-Chemical  Studies  of  Beryllium  Complexes.  V.  Th*  State  of 

Beryllium  in  Blood.  Feldmjua,  Jean  B.  Havill .  and  V.  F.  Neuman. 

(Rochester  University,  New  York,  Contract  W7401-eng-49,  Report  Mo. 
UR-246 ,  17  March  1953,  23,  23  references)  AD-12  457.  t 

10.  Practical  Ways  to  Collect  Beryllium  Dust.  I.  A.  J.  Breslin  and 
W.  B.  Harris.  (Air-Engineering,  Vol.  2,  No.  7,  July  I960,  34). 

11.  Problems  in  ths  Control  of  Operations  in  a  Beryllium-Procsssing 
Plant.  Harry  M.  Donaldson  (AMA  Archives  of  Industrial  Health, 

Vol.  19.  February  1939,  221-224). 

12.  Safe  Handling  Practices  for  Beryllium.  Webster  Lodge.  Bettelle 
Memorial  Institute,  Nonferroue  Metallurgy  Division,  Columbus,  Ohio. 
(Metal  Progress,  Vol.  76,  July  1959,  142), 

13.  Safety  Procedure  With  Beryllium.  Henry  Allen.  (Light  Metals,  Vol.  21, 
No.  238,  January  1958,  25). 

14.  Toxicity  of  Beryllium.  J.  Choi  ait.  L.  II,  Miller,  and  Frank  Prince. 
University  of  Cincinnati,  Kettering  Laboratory,  Ohio,  Contract 
AF33(600)-37211 ,  Quarterly  Progress  Report,  Technical  Report  No. 
AMC-7-663,  1958,  25,  50  references)  AD-136-072. 

13.  Toxicity  of  Beryllium.  C.  S.  Pogwiee.  (Sewage  and  Industrial 
Wastes,  Vol.  23,  No.  12,  December  1953,  1  '<24-1428) . 
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Edgovood  Araonal ,  Maryland 

Attn:  Chief,  Phyaicoohemical  Research  Diviaion 

Comaanding  Officer 
Picatinny  Araonal 
Dover,  New  Jeraey 
Attnt  Library  -5-  * 

Cn— nillnf  Officer  \ 

Picatinny  Araonal  \ 

Liquid  Pocket  Propulaion  laboratory 
Dover,  New  Jeraey 
Attnt  Technical  Library 

Commanding  General  x 

U.3.  Anay  Miaaile  Cobmj^ 

Bede tone  Araonal,  Alabama 
Attnt  Technical  Library 

Celandine  General 
White  Sonde  Miaaile  Banco 
Nev  Mexico 

Attnt  Technical  Library 

Bureau  of  Naval  Weapona 
Department  of  the  Navy 
Waahinctou  29,  D.  C. 

Attn:  DLI-3 

Bureau  of  Naval  Weapona 
Department  of  the  Navy 
Washington  29,  D.  C. 

Attn:  UMMP-2 

Bureau  of  Naval  Weapon a 
Department  of  the  Navy 
Washington  29,  D.  C. 

Attn:  KmP-3 

Bureau  of  Naval  Weapona 
Department  of  the  Navy 
Waehington  29,  D.  C. 

Attn:  UMMP-A 

Bureau  of  Naval  Weapona 
Department  of  the  Navy 
W;t*hii)4(tun  29,  D, 

Attn:  lUUU>-h 

-binder 

!  .  •.  'aval  Mi  m  <«il.>  ('enter 
y-i  ::.t  California 

'  :i:  J  •  ■  h.'n<  nl  I.j  '.r  irv 


No.  of 
Copies 

2 


Co—  ndor 

U.S.  Naval  Ordnance  Laboratory 
White  Oak 

Silver  Sprint,  Maryland 
Attn:  Library 


Co— nder  5 

U.S.  Naval  Ordnance  Teat  Station 
China  Lake,  California 
Attn:  Code  45 

Co— ender  1 

U.S.  Naval  Ordnance  Teat  Station  <■ 

China  Lake,  California 
Attn:  Technical  Library  Branch 

Superintendent  1 

U.S.  Naval  Postgraduate  School 
Naval  Acadeay 
Monterey,  California 

Co— ending  Officer  X 

U.8.  Naval  Propellant  Plant 
Indian  Head,  Maryland 
Attn:  Technical  Library 

Cn— ending  Officer  X 

Office  of  Naval  Reeearch 
1030  E.  Green  Street 
Paaadena  1,  California 

Depart— nt  of  the  Navy  1 

Office  of  Naval  Reeearch 
Washington  25,  0.  C. 

Attn:  Code  429 

Director  (Code  01S0)  1 

U.S.  Naval  Research  Lab. 

Washington  ‘l-j,  0.  C. 

Attn:  11.  W.  Carhart 

Director  1 

Special  Projects  Office 
t<  purt-ment  of  tht  Navy 
Washington  2>,  D.  C. 


rocsuiuding  Officer  j 

I.  S.  Naval  Underwater  Ordnance  Station 
Newport,  lUiode  Island 
Attn:  W.  W.  Ilartli-tt 

'11  n  |.-t-<i(  iieral  •’ orporatJoii  2 

I*.  I  -'Hi 
t /Ui.. 1  ,  i'll]  j  fi.i  ula 
'.Mu:  I  j  i.  1  ai  1  :il. 
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Aerojet-General  Corporation 
11711  South  Woodruff  Avenue 
Downey,  California 
Attn:  Florence  Vslah,  Librarian 

Aero  jet— General  Corporation 

P.  0.  Box  1947 

Sacraaento ,  California 

Attn:  Toehnieal  Information  Offico 

Aaronutronic  Dir.  Of  Phileo  Corporation 
Ford  Road 

Newport  Baach,  California 
Attn:  Dr.  L.  H.  Lindar,  Manager 
Toehnieal  Infornation  Dopt. 

Aaroprojacta ,  Inc. 

310  E.  Roaadala  Avenue 

Vest  Cheater,  Fenayalvania 

Attn:  C.  D.  McKinney  - - 

Aeroapace  Corporation 
P.  0.  Box  95083 
Loa  Angelas  45 1  California 
Attn:  Library-Docwenta 

Allied  Chanical  Corporation 

General  Chemical  Division 

Beeearch  lab. ,  P.  0.  Box  405 

Morristown,  New  Jersey 

Attn:  L.  j.  Viltrakis,  Security  Officer 

Ancel  Propulsion  Conpany 
Box  3049 

Asheville,  North  Carolina 

American  Cyananid  Conpany 
1937  V.  Main  Street 
Stamford,  Connec. 

Attn:  Security  Officer 

Armour  Research  Foundation  of 
Illinois  Institute  of  Technology 
Technology  Center 
Chicago  lb,  Illinois 

At*n:  C.  K.  Herah,  Chemistry  Division 
AJIO,  I isc . 

Arnold  Kugrg.  Dev.  Center 
Arnold  AF  Station,  l>nnv*s<*<* 

Attn:  Dr.  B.  If.  Goethert,  Director  of  Kngru, 

Atlantic  Iteseurrh  Corporation 
Murley  Highway  and  ideal  1  Hoad 
\  1 1*  \.mdrl  a  ,  Vi  1/  mm 


U<» 


Atlantic  Reseach  Corporation 

Western  Division 

209  Easy  Street 

El  Monte,  California 

Attn:  H.  Niedirman 


Battel le  Memorial  Inetitute 

505  King  Avenui 

Columbus  1,  (Ruo  < 

Attn:  Report  Library,  Row?  6A 


Bell  Aerosysteas 
Box  1 

Buffalo  5,  Nev  York 
Attn:  T.  Reinhardt 


The  Boeing  Company 
Aero  Space  Division 
P.  0.  Box  3707 
Seattle  24,  Washington 
Attn:  .  R.  R.  Barber,  Lib.  Ut, 


V 


Ch. 


Chemical  Propulsion  Information  Agency 
Applied  Physics  Laboratory 
8621  Georgia  Annas 
Silver  Spring,  Hsryiand 

Douglas  Aircraft  Co.,  Inc. 

Santa  Monica  Division 
Santa  Monica,  California 
Attn:  Mr.  J.  L.  Vaiaaan 


The  Dow  Chemical  Company 

Security  Section 

Box  31*  Midland,  Michigan 

Attn:  Dr.  R.  S.  Karpiuk,  1710  Building 

E.  I.  DuPont  deNemours  and  Company 
Eastern  Laboratory 
Gibbatovn,  Nev  Jersey 
Attn:  Mrs.  Alice  R.  Steward 

Esso  Research  and  Engineering  Co. 

Special  Projects  Unit 

P.  0.  Box  8 

Linden,  New  Jersey 

Attn:  Mr.  D.  L.  Boeder 


Ethyl  Corporation  Research  Laboratories 
l COO  V.  Eight  Mile  Road 
l'-Tndttle,  Michigan 

Attn:  K.  U.  Ilifkin,  A«*mtant  Director,  Chemical  Research 


No.  of 
Conies 

1 


1 


1 


1 


3 


1 


l 


1 


1 


General  Dyniunics/'Convair 
San  Diego  12,  California 
Attn:  Engrg.  Library 
K.  G.  Balir,  Ch.  Librn. 

Mail  Zone  50-03 

General  Electric  Company 

Cincinnati  .15,  Ohio 

Attn:  Technical  Information  Center 

Hercules  Powder  Company 
Allegany  Ballistics  Laboratory 
P.  0.  Box  210 
Cumberland,  Maryland 
Attn:  Library 

Hercules  Powder  Company 
Research  Center 
Wilmington  99,  Delaware 
Attn:  Dr.  Herman  Skolnik,  Manager 
Technical  Information  Division 

Institute  for  Defense  Analysis 
Res.  ft  Eng.  Support  Division 
Attn:  Technical  information  Office 
1825  Connecticut  ivr. 

Washington  9, 

Jet  Propulsion  Laboratory 
4800  Oak  G rt.ve  Drive 
Pasadena  3,  California 
Attn:  L.  E.  New land 
Chief,  Reports  Group 

Lockheed  Propulsion  Company 

P.  0.  Box  111 

Redlands,  California 

Attn:  Mias  Belle  Berlad,  Librarian 

Marquardt  Corporation 
Saticoy  Street 
Box  2013—^outh  Anne* 

Vnu  Nuvs,  California 

W 

Martin  Company 
Baltimore  5,  Maryland 
Vttn:  Scienc**— Terlinology 
I  i hr* ry -Mail  Tw 

Martin  Co.-rp.uiv 

lilunml  1  him  I  ;y  l.i’.ri—. 
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No.  of 
Pago  a 

1 


1 


o 


1 


1 


l 


3 


1 


I 


I?  -I'1* 


Martin  Company 
Orlando,  Florida 
Attn:  Library 

Minnesota  Mining  A  Manufacturing  Co. 

900  Buah  Avenue 
St.  ?aul  6,  Minneaota 
Attn:  J.  D.  Rosa 

VIA:  H.  C.  Zeaan  Security  Administrator 
Monsanto  Research  Corporation 
Boston  Labs,,  Everett  Station 
Boston  49,  Maas. 

Attn:  Library 

Nov  York  University 
Research  Building  No.  3 
233  Fordham  Landing  Road 
University  Haights  68,  New  York 
Attn:  Document  ControI-CJM 

Nav  York  Univ-raity 
Dept,  of  Chemical  Engineering 
Nav  York  53,  Nav  York 
Attn:  P.  F.  Vinterait* 

North  American  Aviation,  Inc. 

Space  &  Information  Systeaa  Div. 

12214  Lakevood  Blvd. 

Downey ,  California 
Attn:  W.  11.  Morita 

Purdue  University 
Lafayette,  Indiana 
Attn:  M.  J.  Zucrov 

I  to ha  and  Haas  Company 
I  teds tone  Arsenal  Reseurch  Division 
Huntsville,  Alabama 
Attn:  Librarian 

Space  iVrhnoioKy  laboratory,  Inc. 

1  Space  Park 

i'citoiulo  Heath,  California 
A  ttn:  .-'ll.  ft  <  h.  Lib.  Doc.  Aojuisitions 

it  iai’u  f .tpernsent  lt>c, 

1’.  0.  I  -I 

.1 1  <  iiiMifni  2  .  \  r;'i  n  i  a 
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■  > 


Thiokol  Chemical  Corporation 
Alpha  Diviaion 
Spaoa  Booster  Plant 
Brunswick,  Georgia 

Thiokol  Chemical  Corp. 

Elkton  Division 
Elkton,  Maryland 

Attn:  Librarian  >  « 

Thiokol  Chemical  Corporation''. 
Reaction  Motors  Division  X.  v 
Denville,  Nev  Jersey  - 

Attn:  Librarian 

Thiokol  Chemical  Corp. 

Backet  Operations  Center 
P.  0.  Box  1640  N 

Ogden,  Utah 
Attn:  Librarian 

Thiokol  Chemical  Corporation 
Wasatch  Division 
P.  0.  Box  524 
Brigham  City,  Utah 
Attn:  Library  Seotion 

Union  Carbide  Chemicals  Co. 

P.  0.  Box  8584  (Technical  Center) 
South  Charleston  3,  Vest  Virginia 
Attn:  Dr.  H.  V.  Schuls 


United  Aircraft  Corp 
Corp.  Library 
400  Main  Street 
E.  Hartford,  Connec. 

United  Aircraft  Corp 
Pratt  &  Whitney  Fla. 

P.  0.  Box  2091 
V.  Palm  Deuch,  Florida 
Attn:  Library 

United  Technology  Outer 
P.  »\  Box  308 
Sunnyvale,  Cali  forma 

liritirth  Defence  Staff 
Hriti.-ih  iiabuaay 
3 UJO  Avn. 


&  Dev.  Ctr. 


Attn:  Librarian 
VIA:  liqn. 

Air  Force  System*  Comnund 
Audrvvi  AFU 


Attn:  Dr.  David  Rix 

Res 


V<«  .<li )  tig  toll ,  D.  C.  WiiHhingT.on  JI,  1).  C. 

Atm:  lentifi)  Info.  Center  At.tn:  SCM-4 1  (  3-1  *  33 ) 


No.  of 
Copies 
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1 


1 


1 


2 


1 


1 


1 
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No.  of 
Coploo 


Defense  Research  Member 
Canadian  Joint  Staff  (W) 
2450  Maaa.  Avan. 
Washington,  D.  C. 


VIA:  Rqs. 

Air  Forea  Syataaa  Conaand 
Andrava  AFB 
Washington  25.  D.  C. 

Attn:  SCS-4X (3-1833) 


Advancad  Rasaarch  Projacta  Agency 
Advancad  Propallant  Chaaiatry 
Washington  25,  D.  C. 

Attn:  Dr.  G.  V.  Hook,  Daputy  Diraetor 

Surgaon 

Daputy  Cosaander  Aaroapaca  Syataaa/AFSC 
U.  S.  Air  Forca 
Los  Angalaa  45,  California 
Attn:  Capt.  Oven  Kittlastad 

Co— ending  Offiear 

A— unition  Procureaant  k  Supply  Agancy 
Joliat,  Illinois 
Attn:  Engrg.  Library 

Aaarican  Machina  and  Foundry  Co. 

Machanics  Rasaarch  Dapartasnt 
7501  N.  Natchas  Ava. 

Nilas  48,  Illinois,  Attn:  Phil  Rosanbarg 

Callary  Cheaical  Conpany 
Rasaarch  and  Davalopnant 
Callary,  Pennsylvania 
Attn:  Document  Control 


Dov  Cheaical  Co. 
Western  Division 
P.  0.  Box  351 
Pittsburg,  California 
Attn:  P.  D.  Oju 

Kthyl  Corp. 

P.  0.  Box  3DR1 
Istrouoa  branch 
Ikiton  Rouge,  Lousiana 


B.  F.  (ioodrirh  Aerospace  &  Defense  Products 
P.  0.  box  1  >7,  Rialto,  ('ulifurnia 
Attn:  Hr.  A.  0.  Japs,  Tech.  Manager 
Rocket  Motor  Development 

Hercules  Powder  Co. 
b.ttchu*  Works 

,  I  I  .ill 

\  I  1  n  :  I  i  hi  .1  r  I  .in 


4 


2 


1 


1 


1 


1 


l 


1 


1 
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No.  of 
Coniaa 


Hynes  Research  Corp.  1 

108  Bon  Air  Avon. 

Durhaa,  North  Carolina 

Valtar  Kidde  Company  1 

675  Main  Stroot 

Belleville  9,  Nov  Jariay  Attn:  Security  Librarian 

01  in  Mathioaon  Chemical  Corp.  1 

Marion,  lllinoia 

Attn:  Research  Lib' *ry  Box  508 

Olin  Mathieson  Chet'* si  Corp.  1 


Beat  arch  Library  14-3 
275  Vinaheeter  Avenue 
New  Haven,  Conn. 

Attn:  Mail  Control  Ho im  Miae  Laura  M.  Kajuti 


Pennaalt  Chaaicals  vorp.  1 

Bex  4388 

Philadelphia  18,  Penn oyl ran ia  Attn:  Or.  G.  Barth-bohrenalp 

Phillipe  Petroleua  Co.  1 

145  Chaaical  Labe.  Bldf. 

Bartlesville,  Olclak/aa  Attn:  H.  i»  Pox 

Rocket  Power,  Inc.  1 

3016  E.  Foothill  Bid. 

Pasadena,  California 

Rock at dyne,  A  Division  of  North  American,  Inc.  1 

Solid  Propulsion  Operations 

P.  0.  Box  5f«H,  McG rfjrnr,  Texas  Attn:  Lib.v.ry 

Shell  Development  Co  l 

4560  Horton  Street 
Emeryville  8,  Calif,  -.-.ia 

Wright  Aeronautical  .  ivi**on  1 

Curtiss-Wright  Corp. 

Wood-Ridge,  New  Jei-o/ 

Space  Systems  Division  (SSSC)  I 

Lo#  Angeles  45,  Cal?-ornia  Attn:  Mrs.  DenBicore 

AiSC  < STIX))  Lewie  Research  Center  1 

Cleveland  V5 ,  Ohio 

\dvanced  Research  Projects  Agency  2 

Advanced  Propellant  Chemistry 
Washington  -1,  D.  C. 

Attn:  Ur.  0.  Mock  .  Deputy  Director 


1*1  4*1* 

v  it <3  ! rtm  *  <j**a- 
luV  1  Ukltd  .  Tb. 


